Background: Though mid-term survival rates of over 95% in several series have been published, there is still a paucity of related literature regarding the role of vertical stem instability in the osteointegration of fluted tapered stems. This paper presents a comprehensive and prospective assessment on short-term experiences with uncemented modular femoral stem in the treatment of defective femur during revision surgery of total hip replacement. Materials and methods: Clinical and radiological monitoring of 20 consecutive patients with implanted tapered fluted revision stem (Lima Corporate, Udine, Italy) was of 27 months in average (20-35 months). The average pre-operative Merle d'Aubigné and Postel method score was 6.3 points (3-10 points). The frequency of femur defects, classified according to Paprosky, was IIIA = 9 and IIIB = 11. Results: During last follow-up, the Merle d'Aubigné and Postel hip score was on average 11.7 (6-16 points). Compared to post-operation radiograph, stem migration of 1.9 mm (0-11 mm) on average was found. This vertical stem migration was observed only when comparing hip radiographs immediately after surgery, and at 6 weeks post-surgery. The Paprosky IIIA defects group, presented a subsided stem by an average of 1.5 mm. In the group of Paprosky IIIB defects, the stem subsidence was on average 2.3 mm. All 20 patients in the study showed excellent osteointegration of the uncemented revision modular stem. Conclusions: This study found and excellent osteointegration of the Lima uncemented tapered fluted revision modular stem in defective femur with a cortical bone segment present in the diaphyseal isthmus area. The initial vertical instability leading to stem migrating during the first six weeks following surgery did not, however, affect its osteointegration.
Introduction
Without doubt, the implantation of a total hip replacement is one of the highly efficient surgical techniques leading to pain reduction, restoration of joint function and improvement in the patient's quality of life. With the growing number of primary total hip joint replacements, together with the treatment of younger and more active patients, a substantial surge in the number of revision operations is to be expected over the next few decades (5, 19) .
The aim of revision surgery is to create a stable assembly, protect bone and soft tissues, augment bone deficits, restore the biomechanical function of the hip and to create the pre-conditions for any future operation. Femur reconstruction during a revision total hip replacement can be the most demanding phase of the operation. Femur bone defects may result from aseptic loosening, osteolysis, infection, periprosthetic fractures, stress shielding and implant extraction. A guide for selecting the appropriate method for femoral reconstruction during revision surgery is the classification system for femoral defects, of which several have been developed over the years (20, 22) .
Use of cemented implants is indicated for smaller femoral defects, particularly in elderly patients. Besides the cement-in-cement technique, which calls for minimum bone defects, the impaction grafting method has been used for a long time. Long cemented femoral components are indicated in biologically old patients who are unable to relieve the limb during the post-operative period. It is generally true, however, that cemented implants are not as frequently used during revision operations of femoral component as uncemented implants, which differ in their degree of rotational and vertical stability. Uncemented revision monoblock stems are appropriate during revision surgery with smaller cavitary and segmentary defects. Modular uncemented revision stems differ in the manner by which they achieve vertical stability. The fit and fill principle is based on an exact preparation of the bonebed in the defective proximal femur and subsequent exact implantation of the proximal module (25) . If the proximal femur is not able to bear the vertical load, a modular tapered fluted stem is indicated. Reconstruction of large segmentary defects of the proximal femur is possible using a solid allograft (applied as an onlay graft or as composite formed by an allograft of the entire proximal femur and a revision modular stem) or morselized allografts impacted into the defective proximal femur ensuring their shape and cohesion with a titanium mesh (20) .
Although mid-term survival rates of >95% in several series have been published, there is still a paucity of related literature regarding the role of vertical stem instability in the osteointegration of fluted tapered stems (23, 28, 31) . A comprehensive and prospective assessment of short-term experience with a Lima revision modular tapered stem in the treatment of defective femur during revision surgery of total hip replacement is presented in this paper.
Materials and Methods

Patients
The retrospective study was performed in accordance with the ethical standards stipulated in the 1964 Declaration of Helsinki as revised in 2000. An informed consent form concerning the operative technique to be performed was signed by all patients. Patient rights are protected by our institutional rules requiring patients to be informed at the time of examination about the possibility that their medical records and radiographs will be reviewed for scientific purposes. The retrospective study is comprised of 20 consecutive patients that underwent surgery between September 2010 and January 2012 to implant a Lima revision modular stem (Lima Corporate, Udine, Italy). The basic data concerning the group's assessment are given in Table 1 . The type of stem used during primary implantation, reason of stem revision, the contemporary surgery in the area of the acetabulum and the manner of stem extraction during the revision surgery are given in Table 2 . antegrade from proximal end of femur 2
All surgical procedures were performed in an aseptic operating theatre, using a Bauer approach. Antibiotic prophylaxis lasted 24 hours, except for 2 patients after previous extraction of both components and the implantation of a spacer for septic loosening, and 1 patient with a positive intraoperative cultivation taken during the revision for assumed aseptic stem loosening. These three patients were provided with targeted antibiotic therapy for 8 weeks. Low-molecular-weight heparin was used to prevent thromboembolic disease. Post-operative physiotherapy started the first post-op day, full weight-bearing was allowed after 12 to 24 weeks.
The average pre-operative Merle d'Aubigné and Postel method score was 6.3 points (3-10 points). The frequency of femur defects classified according to Paprosky was IIIA = 9 and IIIB = 11. The average follow-up period was of 27 months (20-35 months).
Description of the implant
The Lima modular tapered fluted revision stem, made of titanium alloy Ti6Al4V, has a straight distal anchoring module of conical shape (with a 1°50′ angle), its dimensions are of 140 or 200 mm long and 14-24 mm in diameter (2 mm increments), with 8 longitudinally-oriented anchoring blades. After positioning and pushing onto the Morse taper (which is deflected by 4° from the long axis of the distal module's anchoring part) the proximal module is locked to the distal module with a locking screw. The proximal module is available in 7 sizes (50-110 mm long with 10 mm increments), with a neck-shaft angle of 131° (40 mm offset) and 135° (35 mm offset) and a 12/14 neck cone. Primary stem stability is achieved by press-fitting into the distal femur after preparing the corresponding bone bed. While vertical stability is based on the tapered shape of the distal module, rotary stability is ensured by the longitudinal blades. Secondary stem stability (osteointegration) is made possible by mechanical surface manufacturing of the stem and the proximal module by a jet of corundum particles which roughens the contact surface.
A Lima metallic head with a diameter of 28, 32 or 36 mm with neck lengths of S, M, L, XL size were used for all patients.
Clinical examination
The patients were clinically examined before surgery and at different points after surgery: 6 weeks, 3, 6, 12, 24, and 36 months. The data needed to calculate the Merle d'Aubigné and Postel score as modified by Charnley was acquired in the last follow-up examination (7). The patient gave a subjective view on the state of the operated hip joint, followed by a clinical physical examination (palpation, range of movement, evaluation of gait pattern).
Radiological examination
The radiological examination compared radiographs of the hip in the anteroposterior view the following day after surgery, then at 6 weeks and 3 months and during the last follow up.
Stem position was assessed in relation to the long axis of the femur, whilst a deviation of up to 5° was considered neutral implantation. The degree of stem migration was determined from the distance between the top edge of the stem's body and the apex of the greater trochanter on the post-operational and subsequent radiographs. In addition a qualitative assessment of the bone-bed surrounding the stem was carried out. The continuous soft edging around the stem not exceeding 2 mm was interpreted as a radiolucent line. A localised area of bone resorption with a width greater than 2 mm was determined to be osteolysis. Reactions such as stress shielding and bone bridge formation under the stem tip were also assessed. The Gruen (13) method was used for localisation of the affected zones. Heterotopic ossifications were evaluated according to Brooker (6) .
Results
Clinical results
During the last follow-up, the Merle d'Aubigné and Postel hip score as modified by Charnley was on an average of 11.7 (6-16 points), which is an improvement on the pre-operative state of 5.4 points. 12 patients (60%) did not have pain in the hip area. Nine patients (45%) stated that they did not use any aid when walking or, at most, used a walking stick when walking a long distance. On the other hand, 8 patients (40%) walked with the support of forearm crutches. There was no patient in the group unable to walk.
Radiological results
The position of the stem was neutral for all 20 patients. Compared to the post-operation radiograph, a stem migration of 1.9 mm (0-11 mm) on average was found; this vertical stem migration was observed only when comparing hip radiographs immediately after surgery and at 6 weeks. In the group of Paprosky IIIA defects (9 patients), the stem subsided by an average of 1.5 mm whilst no vertical stem migration was observed in 6 patients (Fig. 1a,b,c) . In the group of Paprosky IIIB femur defects (11 patients), stem subsidence was of 2.3 mm on average whilst no vertical stem subsidence was observed in 7 patients.
Stem osteointegration was present in all 20 patients although changes were registered during a qualitative evaluation of the bone bed surrounding the stem in 16 patients. Table 3 shows the character and localisation of these changes. A bone bridge formation below the stem apex was found in 3 patients. Gruen zone 6 osteolysis 4
Gruen zone 7 osteolysis 7
Complications
In our patient group, one haematoma was observed in the surgical wound which was treated by early revision, and one serous secretion from the surgical wound treated with conservative therapy. In both cases the wound healed without affecting the implant's function. One patient had post-surgical peroneal nerve palsy, which did not respond to conservative treatment. Heterotopic ossification (I to III degree according to Brooker) developed in 9 patients.
Discussion
When choosing the appropriate femoral reconstruction method during hip revision surgery, the presence of bone defects plays a vital role. It is important to distinguish the two basic types during their classification: segmental and cavitary. For a segmental defect, bone loss in the supporting cortical bone of the femur is typical while in a cavitary defect the wall is retained, though this may be thinned to the extent of a very thin cortical shell.
Of the various classification systems, good experience has been gained with the classification of femoral defects as defined by Paprosky, which is based on the assessment of bone loss degree and on the localisation/amount of remaining bone available for femoral reconstruction using an uncemented component, which is the implant preferred by the author during revision operations (8) ( Table 4 ).
Tab. 4:
Paprosky's classification of femoral defects.
Type of defect
Characteristics
I
Minimum loss of metaphyseal cancellous bone with intact diaphysis II Extensive loss of metaphyseal cancellous bone with intact diaphysis IIIA Metaphysis is severely damaged thus is not supportive, more than 4 cm long segment of intact cortical bone is present in the area of the femoral isthmus of the diaphysis allowing distal fixation IIIB Metaphysis is severely damaged, less than 4 cm long segment of intact cortical bone is present in the area of the femoral isthmus of the diaphysis IV Extensive metaphyseal damage with open femoral canal, in the diaphyseal region femoral isthmus does not allow support For a type I femoral defect, only a minimal loss of metaphyseal cancellous bone with an intact diaphysis is detected during revision surgery and thus a cemented or uncemented implant can be used. For a type II defect, extensive loss of the metaphyseal cancellous bone with an intact diaphysis is detected during a revision operation and stem fixation using bone cement is not reliable (9) . In this indication, the successful use of uncemented stems has been published, both distally fixed and, with regards to the well-preserved metaphyseal support, implants primarily fixed onto the metaphysis (8, 15) . Excellent results have been published using a modular, uncemented, tapered stem with longitudinal blades providing excellent initial rotational and axial stability during severe damage of the metaphysis, even with a very short femoral isthmus (4) . A potential problem accompanying use of this implant is stem subsidence (8) , however, the modularity of many distally anchored stem systems has brought an increase in stability by distal anchorage of the femoral component, as the actual situation requires, and then completing the proximal part of the femoral component to restore the necessary length of the limb and stability of the revision arthroplasty. Nevertheless, for a type IIIB some authors suggest the use of femoral components where diaphyseal locking is possible (20) . For a type IV femoral defect, extensive metaphyseal and diaphyseal damage is typical with an enlarged femoral canal, while the femoral isthmus does not allow support. Use of an uncemented implant in such cases is not appropriate as it is difficult to ensure enough initial implant stability for osteointegration. If the cortical bone bed of the proximal part of the femur is intact, reconstruction is possible using impaction grafting (10, 12, 30) . This technique is, however, not only technically demanding and time-consuming, but also expensive due to the number of bone grafts. Even though impaction grafting is associated with implant subsidence and periprosthetic fracture (both perioperative and post-operative), it can be an excellent solution for difficult femoral revision where it is not possible to use uncemented replacements (17, 27) . The alternative, when attempting to restore bone stock in young patients, is to use a composite of allografts and hip revision stem whilst in older patients it is possible to use hip prosthesis replacing the proximal part of the femur (3, 21) . In some cases, a megaprosthesis replacing the entire femur is indicated (20) .
The favourable results obtained from the use of an uncemented revision modular stem are comparable with the work of other authors (14, 26) . In the discussion framework, concerning primary and secondary implant stability, it has been argued in the literature that secondary osteointegration and therefore long-term stability are possible, lacking noticeable post-operative migration of the stable implant (24) . Despite firm intraoperative anchorage of the stem's distal module with a very short femoral isthmus, its subsidence cannot be ruled out. Regardless, the observed vertical stem instability leading to initial vertical migration during the first six weeks following surgery did not affect implant osteointegration. Similar findings were recently observed by other authors (1, 18, 29) . An orthostatic collapse with a fall during physiotherapy led to the largest (11 mm) vertical stem subsidence in a patient after a prior transfemoral approach although in this case, failure of osteosynthesis or a periprosthetic fracture was not radiologically proven.
The femur's bone bed quality is an important factor during stem reimplantation. In practice, during a revision operation the problem lies within the quality of autologous grafts for the higher age group of patients; further, there is the issue regarding the collection of a sufficient quantity of these grafts thereby extending operating time and thus increasing surgical trauma. Generally, a solid allograft can be used to restore bone stock in the femur applied either in the form of an onlay graft or by replacing the entire proximal femur with a solid allograft. Another possible solution are morselized allografts impacted into the defect, using a titanium mesh to secure the missing wall. To improve the allografts' biological and mechanical properties, osteoinductive growth factors and synthetic biomaterials are tested; however, only a minimum of clinical results have been published so far (2, 11, 16) . On the basis of recent work, it is necessary to perform further studies to verify the application of synthetic biomaterials during revision hip operations. Thus, clinical study is being prepared by us to assess synthetic tricalcium phosphate, which serves as a carrier for bone marrow cells, that will be applied to femoral bone defects during revision surgery for total hip replacements.
Conclusion
This study found an excellent osteointegration of the Lima uncemented tapered fluted revision modular stem in a defective femur with a cortical bone segment present in the area of the femoral isthmus of the diaphysis, allowing vertically and rotationally stable distal fixation. Despite firm intraoperative anchorage of the endoprosthesis' distal module, with a very short femoral isthmus, its subsidence cannot be ruled out. The minimal initial vertical instability, which led to stem migration during the first six weeks following surgery did not, however, affect its osteointegration.
